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Abstract 
Three cases of aircraft accidents are described that involved failure by fatigue. All of them relate to components, rather than to the main 
structure of the aircraft. None of the accidents involved loss of life. The items involved were landing gear, an engine bearing and a blade from a 
gas producer turbine wheel. The landing gear failure was found to have resulted from prior cracking; the engine bearing failure was caused by 
fatigue of the roller bearing cage; and the helicopter turbine blade failure was a result of large brittle precipitates at the surface of the cast 
structure of the blade/disc combination from which a fatigue crack had grown. 
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1. Introduction 
The paper describes three investigations of failures in aircraft that involved fatigue, none leading to loss of life. The first case 
relates to failure of the landing gear on a light aircraft that collapsed during a landing on rough terrain. The insurance claim was 
made on the basis that the rough terrain had caused the failure. The second case deals with the failure of an engine in a passenger 
jet aircraft, the cause of the failure having been determined to be fatigue within a roller bearing, while the third case relates to the 
failure of the engine in a helicopter, in which a gas producer turbine blade detached from the disc, with which it was integrally 
cast, because of the growth of a fatigue crack initiating at large, brittle precipitates in the disc. 
2. Cases 
2.1. Case 1: Landing Gear Failure 
This investigation relates to a Cessna L19 Bird Dog aircraft that had suffered the failure of an axle in the landing gear when it 
landed on rough terrain. An insurance claim was made on the basis that the overloading induced by the rough terrain had caused 
the axle to fail, as there had been no prior problems with it. The failed axle is illustrated in Fig.1. The failure showed a relatively 
flat area on one side, with the bulk of the fracture surface being a slant or shear fracture. The initial fracture was by fatigue, but 
the question raised was if this had developed during the landing and taxiing on rough ground or whether there had been prior 
cracking. 
The initial area of fracture contained a series of ridges, these being beach marks, that are apparent to the right in Fig. 2 on the 
generally flat fatigue crack area.  Fig. 3 shows the crack origin area, with multiple crack origins, while Fig. 4 shows the fatigue 
striations some distance in from the origin. 
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Fig.1. Fractured axle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Fracture surface. The arrow indicates the origin area.                  Fig.3. Multiple initiations of fatigue cracks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Striations on the fatigue fracture surface. 
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Based on the observed striation spacing of the order of 0.5x10-4 to 1.5x10-4 mm/cycle and a crack length of approximately 3 
mm, the number of cycles to grow the crack can be estimated as being of the order of 30,000. Thus the crack did not result from 
the landing, but had initiated some time previously. 
Since there was evidence of a number of beach marks, as may be seen in Fig. 2, indicative of a number of periods when crack 
growth was interrupted, with evidence of local tensile overload fracture at these bands, it was concluded that the fatigue cracking 
had been present for a considerable time, including a number of take-off and landing cycles. 
 
 
2.2: Case 2: Roller bearing failure 
 
An aircraft engine bearing failed after 580 hours of service since overhaul. The failure was detected because of a high level of 
vibration. Upon dismantling, it was observed that there was a segment missing from the cage in which the rollers were located 
(Fig. 5). At the end of the missing section of the ring, the tabs or fingers retaining the rollers were observed to be bent, their 
normal orientation being shown in Fig. 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Broken-out segment of the roller bearing cage.                                                           Fig.6. Roller held in place by tabs. 
 
One end of the section of the cage where the break occurred showed a smooth fracture face (Fig. 7, right side). The debris 
collected from the failed bearing consisted of a number of parts of the cage, most being heavily damaged. (Fig. 8). However one 
of the side pieces of the cage shown in Fig. 8 (centre) was examined further. One end showed clear signs of fatigue failure (Fig. 
9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Debris from failed roller cage.                              Fig.8. Debris from the failed cage. The flat piece in the centre is a     
sidewall of the roller bearing cage. 
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Fig.9. Fracture on the end of the side section of the cage that retained the rollers. 
 
The fatigue cracking had initiated at a sharp corner of the pocket that was punched out of the brass cage retaining the rollers: 
cracking had initiated at two points.  These appear to be potentially weak points in the construction and may be an area for which 
alternative fabrication should be considered, as can be observed on other roller races of the same specification and part number 
but of different manufacture. 
 
 
2.3: Case 3: Helicopter accident 
 
The case involved loss of a blade from the second stage gas producer turbine wheel in the engine of a helicopter during flight. 
The second stage gas producer turbine wheel had been installed new at the time of overhaul and had flown for approximately 860 
h at the time of failure, the specified life before replacement being given as 1750 h plus a 25 h extension. Failure occurred with 
extensive damage to the engine when the blade detached from a position adjacent to the turbine disc. 
The only parts of the failed blade available for examination were a portion of the blade fracture surface and a metallographic 
section through the fracture origin of the failed blade as well as metallographic sections through adjacent blades, as there had 
been a previous and inconclusive examination made by others. The fracture surface is shown in Figure 10.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10. Fracture surface of the blade, adjacent to the turbine disc. 
 
Fig. 11 shows the metallographic section through the origin at the blade root where it connects to the disc, while Fig. 12 
shows this at higher magnification. Two cracks can be discerned, the main one leading to fracture starting at position A and a 
parallel crack starting at B. 
The alloy is understood to have been IN 713, a Ni-base precipitation hardening superalloy. 
The two fracture origins are shown in more detail in the SEM pictures of Figs. 13 to 15. It may be seen that the cracks both 
initiate at large precipitate particles at the surface of the blade. Such precipitates were also present at the surface of the disc itself. 
Fig. 15 shows clearly the initiation of the small crack from Position B illustrated in Fig. 12. 
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Fig.11. Metallographic section through the fracture origin at the 
blade root shown at low magnification. 
 
 
Fig. 12. Section through the fracture origin.  
Glyceregia etch. A and B indicate two crack origins. 
  
 
Fig. 13. SEM view of the two fracture origins and the   
secondary crack from B. 
 
Fig.14. Crack origin at A, initiating at coarse  
      surface precipitates. 
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Fig. 15. Crack origin at B, again initiating at coarse second  
      phase particles. 
 
The investigation disclosed that the failure was due to the failure of the single blade on the second stage gas producer turbine. 
No other factor was identified as contributing to the failure. The presence of coarse, blocky precipitates at the junction of the 
blades with the hub on the integrally cast turbine wheel had facilitated the initiation of fatigue cracks. These cracks propagated in 
a slant mode across the turbine blade to a considerable extent after their initiation.  Such precipitates were also observed on the 
surface of the disc itself just away from the junction with the blades, without cracking from them being present. 
The cracks propagated rapidly into and across the blade in question, and it can be concluded that the different fatigue 
characteristces of the blade and the turbine disc proper allowed rapid propagation to take place.in the former while the disc was 
not susceptible to fatigue crack growth from the coarse precipitates within it because of its very different vibration 
characteristics. 
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